• It has been known for some time that hypoxemia will result in an increase in coronary blood flow. 1 ' -It seemed reasonable to assume that if arterial unsaturation produces an increase in coronary blood flow, then a supranormal arterial oxygen content, such as is achieved by the administration of 100 per cent oxygen, might result in coronary flow that is less than that which occurs on the breathing of ambient air. Indeed, EckenhofT et al. 8 ' * demonstrated that the breathing of 100 per cent oxygen will result in a decrease in coronary blood flow in the dog. West and Guzman" demonstrated coronary artery constriction in the dog by means of angiography during the inhalation of 100 per cent oxygen. In neither the work of Eckenhoff and collaborators nor in that of West and Guzman was the actual saturation of the arterial blood measured during the inhalation of 100 per cent oxygen. As a matter of fact, the criterion used by Eckenhoff to validate the normal saturation on air breathing was the failure of the blood pressure to fall on the breathing of 100 per cent oxygen. 4 However, an inspection of his data in a previous study, 8 during which animals were ventilated with 100 per cent, 21 per cent, 16 per cent, and 8 per cent oxygen, shows no appreciable change in mean arterial blood pressure at any level of inspired oxygen. Since the open-chest dog, ventilated by a pump, or the close-chest anesthetized dog, breathing spontaneously, frequently does not achieve normal saturation on ambient air, it seemed very likely that what these authors were demonstrating was the increased flow produced by hypoxemia with a return to normal flow when normal saturation was achieved by the administration of 100 per cent oxygen. The return to normal flow on the inhalation of 100 per cent oxygen would, of course, be recorded as a reduction in flow from that measured during air breathing. The conclusion would then be that 100 per cent oxygen produces a fall in coronary flow or, as in the case of West and Guzman, that 100 per cent oxygen is actually a coronary artery constrictor. To clarify this point, and perhaps to elucidate further the mechanism whereby 100 per cent oxygen produces a fall in coronary blood flow, the current study was undertaken.
Methods
Three sets of experiments were performed in open-chest mongrel dogs weighing from 16 to 25 Kg. All animals were anesthetized by intravenous thiopental. No fixed amount was used, but it was generally sufficient to produce deep anesthesia for the entire procedure. No additional thiopental was administered between paired oxygen-air determinations. The dogs were ventilated by means of a Harvard pump through a cuffed endotracheal tube. All animals were heparinized hourly with 10 cc. of heparin (1,000 units/ec), intravenously. Some of the animals received n vasopressor agent during the course of the procedure because of severe hypotension. This was either niethoxamine (Vasoxyl) or levarterenol (Levophed) given by slow intravenous drip in no fixed amount, but sufficient to raise the blood pressure to reasonable levels. Mean arterial blood pressure was monitored by means of an indwelling catheter inserted into the left femoral artery and connected to a damped anaeroid manometer. The arterial cannula also served as the site for arterial blood sampling.
In the three experiments, paired determinations were made during air and oxygen administration. In all but three instances, observations were made during the oxygen period after 10 minutes of oxygen administration. In three animnls, this was 798 80B0L, WANLA88, JOSEPH, AZABSHAHY 
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The dtitii for all animals are presented here. B* refers to the use of a vasopressor; L: lovurtcrenol (Levophod) ; V: methoxamine (Vasoxyl); T refers to the duration of oxygen administration in minutes. In all instances whore 11 per cent difference (% Diff.) between the observed air and oxygen results has been calculated, the result during the air ventilation is taken to be 100 per cent and the change on oxygen \entilation is compared to it. In the case of dogs nos. 4, 10, and 12 with two air determinations and one oxygen, each air determination is compared separately to the single oxygen determination. In the case of dogs noa. 5, 7, and 18, the single air determination is compared separately to the two oxygen determinations. In the ease of dogs nos. 13 and 14, each oxygen determination is compared to its matching air determination. However, for the calculation of the average, and the level of significance, done after only five minutes of oxygen administration. The determinations during ventilation with room air were made after 10 or more minutes of continuous air administration. The order of administration of air or oxygen was varied from ono animal to another and, where feasible, more than one pair of determinations was made per dog. The rate and depth of ventilation were not altered during a given experiment, with the exception of dog no. 13. In this instance, a difference in the color of the arterial bloods drawn during air and oxygen administration was grossly evident. The minute ventilation was, therefore, increased and the study repeated.
In the first series of experiments, the arteriovenous difference across a segment of tho coronary bed was measured in nine dogs during air and oxygen administration. A small polyethylene catheter was inserted into the coronary sinus via an incision in the right atrial appendage and then advanced well beyond the coronary ostinm. Blood was withdrawn from this cntheter at a slow rate so as to minimize the possibility of contamination with right atrial blood. Coronary arteriovenous difference was determined from a sample thus obtained with a simultaneous sample withdrawn from the femoral artery.
In a second series of nine animals, coronary V, (from Student's i-test) only the first pair of determinations for each dog has been used. N, therefore, represents the number of dogs tested in each category and does not include repeated determinations on tho sume animal.
By convention, the term "snturation" refers to the oxygen bound by hemoglobin and not to that portion of the oxygen content which is in solution. Oxygen saturation, therefore, is maximally 100 per cent. Per cent saturation was calculated here by correcting the capacity for dissolved oxygen but making no such correction for the individual wimples. Therefore, as noted here, "saturation" can exceed 100 per cent on oxygen breathing. The Rntnrntious ure reported in this fnshion to indicate, by a simple percentage, the magnitude of the changes. sinus flow was measured by the device illustrated in figure 1. One catheter was sewn into the coronary sinus as near as possible to its orifice so ns to force the entire effluent of the sinus to flow into the catheter. The system was filled with blood and the blood level in the well was kept just at the level of the outlet within the well.
This system had the advantage of simplicity; it was easily emptied of air when being set up without any danger of air embolization, and it could be completely set up and filled with blood before the sinus catheter was advanced to its occluding position in the sinus. The effluent from the sinus was never occluded for even a brief period dnrdreulation Research, Volume XI. November 19«1 ing the setting-up procedure. This system offered, in addition, a minimal and unvarying instrument resistance and it was self-leveling to the atria 1 pressure. Sinus flow was measured for one minute in those animals with a low flow and for 30 seconds in those with high rates of flow. Flow was measured frequently during the procedure to note the rapidity of change after oxygen was started and also the constancy of flow. Frequently, flow had already declined after one minute of oxygen inhalation. Generally, flow measurements during the last few minutes of a period were fairly constant. Only the final determinations for each period are shown in table 1.
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FIGURE 1
Both catheters enter the right atrium through a common incision in the appendage. One catheter is sewn occhisively into the coronari/ sinus. The other is left free in the atrium. Both are connected by a "Y" to a xoell. The outlet from the well projects about one inch into the well, and the well is filled and leveled so that blood is just below the point of overflowing the outlet. When the clamp is on, as shown, the entire sinus effluent flows into the well and overflow's the outlet, this being caught and measured in a graduate. ^Yhen the clmnp is removed, the sinus effluent flows back into the right atrium by way of the "Y" connector and utrial catheter. After each determination of jimp, the blood is returned to the animal by raising the well and emptying the graduate into the well.
All aniinuls were iiutopsied at the end of the procedure to verify the position of the sinus t-jitheter. In all instances, this was less thnn 5 nun. from the sinus ostium. However, even this smitll distance into the sinus resulted in blockage of one or two small veins which drain into the sinus almost at its point of entry into the atrium.
In four animals, the procedure as described above wns performed, but in addition, a fine catheter was inserted within the sinus catheter up to its orifice. This catheter permitted the sampling of sinus blood in conjunction with the flow measurement. The coronary arteriovenous difference plus the coronary sinus flow permitted the calculation of myocardial oxygen consumption.
Results
The results are all tabulated in table 1. Despite upward and downward fluctuations, the average change in blood pressure for 16 animals was only 3 nun. Hg. Not tabulated are the pulse rate, pH, and Pco r The pulse rate did not vary to any significant degree. The pH and Poo 2 were determined four times on three dogs (two times on dog no. 13 at both levels of ventilation). There was no change in these parameters with the change in inspiratory gas.
Normal arterial saturation was achieved in about one-half the animals during ventilation with air. In the other half, despite the same vigorous ventilation, there was mild unsaturation. Pull saturation was achieved in all but two animals upon the inhalation of 100 per cent oxygen. The sinus content rose in all but two cases. Despite the rise in content, there was a uniform increase in arteriovenous difference on oxygen inhalation. Coronary sinus flow fell in all instances to a significant extent. The reduction in coronary flow, or widening of the arteriovenous difference, was a very consistent finding and occurred regardless of the state of the animal, whether or not it was hypotensive, and whether or not vasopressor drugs were used. Along with the decrement in flow, there was a decrement in oxygen transport or delivery to the myocardium. Although this was an almost invariable observation, the changes were not of sufficient magnitude to be significant. In the four animals in which myocardial oxygen uptake could be calculated, there was a small and insignificant fall in oxygen consumption.
Discussion
The measurement of coronary flow is a difficult task at best and no method is without its shortcomings. 2 ' 3 ' ° Our approach was the simplest from a technical point of view. In the first place, we were content with measuring only a segment of coronary flow-that area distal to the occluding cannula. Since only partial coronary flow was measured, the tacit assumption here is that within the experimental conditions, variations in outflow from this area faithfully reflect variations in inflow and that alternate pathways of inflow and outflow to the area would not be invoked during the course of the experiment. Gregg has stated that such aji assumption is probably valid. 2 A further assumption was made in the use of the arteriovenous difference as a inflection of coronary flow. Tn the first place, this assumes that with varying oxygen concentrations in the inspirate there is no alteration in oxygen consumption of the myocardium. From the work of Eckenhoff et al. :i with oxygen concentrations in the inspirate varying from 100 per rent to 8 per cent this would appear to l>e valid since there was no change in consumption under these circumstances. Furthermore, Rarnoff 7 has stated that varying demands for oxygen by the myocardium are met by varying coronary flow and not by varying oxygen extraction. In our four experiments in which oxygen consumption could be calculated, there was a very small average decline during ventilation with 100 per cent oxygen.
As noted above, the vigorous ventilation of an open-chest animal does not necessarily result in normal arterial saturation. Therefore, any conclusions regarding the action of oxygen on coronary flow based on the simple procedure of altering the inspirate from air to oxygen must be very carefully stated. However, from the data presented here, it is possible to state that the reduction of coronary blood flow consequent to the administration of 100 per cent oxygen is the result of the increment in oxygen content, that this effect occurs even in animals normally saturated on ambient air, and that it is therefore not a result of the elevation of arterial saturation from hypoxemic levels to normal saturation. It would appear from our data, and from those of others, that any increment in arterial oxygen content serves to reduce coronary flow regardless of the initial saturation.
Eckenhoff et al. a contended that coronary flow, in addition to being responsive to myocardial oxygen requirement, is also a function of oxygen transport. The increment in flow produced by hypoxemia, in the absence of increased myocardial oxygen requirement, was construed to be a compensatory mechanism which served to keep oxygen transport Circulation Rcnaarch, Volumo XI. November 19$t to the myocardium constant. On the other hand, an increment in arterial content was said to produce a decrease in flow so that transport would again remain constant. The current work fortifies this concept that the inhalation of high oxygen mixtures produces a decrement in coronary flow, either as determined by direct measurement of a segment of coronary flow or as reflected by a widening of the arteriovenous difference. In our study, there was a rather consistent decline in oxygen transport. On the average, this proved to be rather minimal and not statistically significant. This finding would, therefore, certainly not refute Eckenhoff's contention that the decline in coronary flow is in response to the increment in oxygen transport to the myocardium.
The response of flow to varying levels of saturation, therefore, differs from the response to varying oxygen requirement. In the latter case, an increase in oxygen consumption is met by an augmentation of the coronary flow. 7 ' 8 This adjustment serves to maintain tissue oxygen, as reflected by sinus oxygen content, unaltered. It also results in wide variations in oxygen delivery. On the other hand, the variation in flow produced by varying arterial oxygen saturation permits wide changes in tissue-oxygen content while maintaining a rather fixed oxygen transport. In both instances, however, oxygen delivery as viewed in terms of myocardial oxygen requirement remains constant.
Summary
The administration of 100 per cent oxygen to the open-chest anesthetized dog results in a decrease in coronary blood flow. This occurs whether the animal is fully saturated on ambient air or not. It occurs as well whether or not the animal is in vascular collapse requiring pressor agents for the maintenance of its blood pressure.
